ABSTRACT
The species belonging to the family Scombridae and genera Scomberomorus and Acanthocybium are popularly known as seerfish or Spanish mackerel. The seerfish form an important and valuable component of marine fishery resource of India. The group mainly included the narrow barred Spanish mackerel Scomberomorous commerson (Lacepede, 1800), Indo-pacific king mackerel S. guttatus, the streaked seer fish S. lineolatus and wahoo Acanthocybium solandri. Of these, S. commerson and S. guttatus are landed in abundance, while S. lineolatus and A. solandri are landed in insignificant quantities. The king seer S. commerson, is a carnivorous epipelagic fish distributed all through the coastal tropical waters of Indo-Pacific to the South-east Asia, in the north China and Japan and South to Australia (Randall, 1995) . It migrates up to 1000 nautical miles along shore (Mc Pherson, 1989) and grows up to 240 cm and weighs up to 70 kg (Mc Pherson, 1992) .
The king seer contributed 75.8% of total seerfish catch of India in the year 2012 (CMFRI, 2013). It's catch in India for the last decade has registered a high fluctuation with minimum of 27,226 t in 2001 and maximum of 42,607 t during 2012. However, in Karnataka, the catch steadily increased from 2,209 t in 2001 to 7,664 t in 2011 (Fig. 1) . It is being caught by different types of craft and gear combinations. The large meshed gillnets (65-170 mm) contributed more than 65% of the catch followed by trawls (20%) and hook lines (5%). Seines, trolls and other indigenous gears contributed to the rest of the catch. Food and feeding habit is an important factor in governing growth, condition, fecundity, migration and breeding pattern of fish (Rao, 1978) . Stomach content analysis has been reported as a common method for assessing the diet of fish, describing food chain and webs shared by different species (Rice, 1988) and further providing information about the fish habitats. There are a few published information on food and feeding pattern of narrow barred Spanish mackerel (Blaber et al., 1990; Bakhoum, 2007) . Information on food and feeding of S. commerson is scarce in Indian waters. Hence, this work was taken up to study the feeding behaviour of S. commerson exploited off Karnataka.
Narrow barred Spanish mackerel caught from the Arabian Sea, off the south-west coast of India between lat 12.87
• -15.55
• and long. 73.38
• -75.27
• was used for the study (Fig. 2) . Weekly collections were made from gillnets operated from Mangalore Fishing Harbour. In all, the feeding pattern of 214 fishes collected between January 2013 and December 2014 were studied. Samples of narrow barred Spanish mackerel collected at the landing centre were measured for their fork length, FL (cm) and wet weight (g). Stomach was carefully dissected and kept aside for further detailed analysis. Different stages of gonadal maturity and sex were also documented for each fish. The stomach was cut open and the weight of the entire content taken. The food items were sorted out and the recognisable prey were listed to the lowest taxon possible. The number of each food item was counted and weight recorded to the nearest 0.01 g. The partially digested food items were classified as semi-digested fish remains.
The feeding intensity and the empty stomach ratio (ESR) were considered to determine the feeding periodicity.
The stomach fullness index (SFI) was used to measure degree of feeding intensity. The SFI was calculated as (Chiou et al., 2006) :
Weight of the stomach content SFI = X 100 (Body weight -weight of the stomach content)
The ESR was calculated as the percentage of the number of specimens with an empty stomach, of the total number of specimens examined.
The relative importance of each prey item and their seasonal variations were analysed (Pinkas et al., 1971) on the basis of three indices: (i) percentage of wet weight of each food item to the total wet weight of all food items identified (%W); (ii) percentage of the number of each food item to the total number of all food items identified (%N); and frequency of occurrence of each food item in the total number of stomachs examined (%F). The index of relative importance (IRI) was calculated as follows: IRI= (%N+%W) × %F.
In all, 214 fishes were collected and analysed, of which 113 (52.8%) had empty stomach. The fork length (FL) of S. commerson samples collected ranged from 46 to 115 cm. Prey mainly comprised fishes and crustaceans with the fish component forming 99.9% of the diet (Table 1 ). In the present study, 10 prey items were recorded in the gut of S. commerson. Devaraj (1998) also reported finfishes to be the most abundant prey item in the stomach of king seer in the seas around the Indian Peninsula. However, Devaraj (1998) recorded 25 prey items in the gut of seerfish which is comparatively higher than the prey recorded in the present study. This could be due to the drastic change in fishing pattern as the exploitation of seerfish by the gillnetters was taking place only at depths of 50-60 m during 90's compared to the present exploitation of depths up to 150-200 m. The availability of prey items are lesser in higher depths compared to shallow coastal areas. Studies conducted at Soloman Island (Blaber et al., 1990) and Egyptian Mediterranean coast (Bakhoum, 2007) showed finfish and shrimp as the main constituent of the diet of S. commerson. However, Johnson and Tamatamah (2013) (Table 1) .
Of all the identified prey items, S. longiceps was the predominant prey in the gut of S. commerson with the highest percent weight (%W), percent frequency (%F), percent number (%N) and percent IRI (%IRI). Incidentally, S. longiceps was the dominant component of the marine fish catch of Karnataka and contributed to 22.5% of the total marine fish landings during 2013 (CMFRI, 2014) . Other significant items observed in the diet included Decapterus spp., whitebaits, R. kanagurta and Epinephelus spp. All these fishes formed a major component of the commercial fishery of the region (CMFRI, 2014) . Similar feeding pattern with Decapterus spp., as dominant food item followed by R. kanagurta, S. longiceps, Epinephelus sp., Saurida sp., Chorinemus sp., M. cordyla and whitebaits has been reported in S. commerson from Indian waters (Rohit and Abdussamad, 2013) . However, Bakhoum (2007) has observed Engraulis encrasicolus, Sardinella aurita, Sardina pilchardus and shrimps as dominant diet components of S. commerson from Egyptian Mediterranean coast.
A seasonal change in water temperature and fish food organisms corresponds to the change in feeding activity of fish (Sakamoto, 1982) . Seasonal variation in feeding pattern indicated that the maximum amount of food was consumed from September to January (SFI, 0.4-0.65) and lowest during February to August (SFI, (Fig. 3) . SFI varied between 0.11 in August and 0.65 in January. Generally, greater SFI was observed during September to January and lesser during February to August. Johnson and Tamatamah (2013) Empty stomach ratio (ESR) ranged from 33.3% (August) to 92.3% (April). Generally, ESR values were higher during April to May and lower during August and November to January (Fig. 4) . The high percentage of empty stomachs noticed in the present study is characteristic of fishes which prey upon small teleosts as described by Juanes and Conover (1994) . Seasonal variation in the diet composition of king seer was not prevalent in the present study. This could be due to the abundance of favourite prey item during all the seasons in the study area.
The present study indicated that S. commerson is a carnivore and mainly feeds on small pelagic fishes which include S. longiceps, whitebaits, R. kangurta, Epinephelus spp. Saurida spp. and M. cordyla. The study has indicated seasonal variation in feeding activity. This information on feeding habits and ecological interactions of narrow barred spanish mackerel is important particularly for the management and conservation of the fishery resources and marine ecosystem.
